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Pepper Growth Influenced by and Formula Optimization and Mechanisms of Remediation for DBP/DIBP

REN Xu—-qin'?, GAO Jun'?, CHEN Bo—qing'?, LUO Dan—dan'

(1. Faculty of Life Science & Chemical Engineering, Huaiyin Institute of Technology, Huaian 223003, China; 2. Key Laboratory for Paly—
gorskite Science and Applied Technology of Jiangsu Province, Huaian 223003, China )

Abstract: In the present study, the effects of dibutyl phthalate(DBP) and diisobutyl phthalate (DIBP) on pepper growth were studied, and
the remediation formula for DBP/DIBP was also optimized using Box—Behnken experimental design and regression model. Meanwhile, the
remediation mechanisms were discussed. The growth and dry weight of pepper were significantly inhibited by 20 mg-kg™" DBP/DIBP in soil.
The regression model predicted the remediation effects of formula applied very well(P<0.01). The optimized formula was 15.91 g-kg™ of at—
tapulgite, 16.40 g+kg™ of honeycomb residue and 1.67 g-kg™ of humic acid. Applying optimized formula significantly increased urease, de—
hydrogenase, protease and saccharase activities in rhizospheric soil, and improved peroxidase (POD) and catalase (CAT) in pepper roots,
but decreased MDA content as compared to the control. Under optimized formula, the area and activity of pepper roots were increased and
the dry matter of pepper improved by 20.91%. The application of optimized formula effectively alleviated the negative effects of DBP/DIBP

on pepper.
Keywords : attapulgite; pepper; dibutyl phthalate(DBP); diisobutyl phthalate( DIBP)
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ke BOR SR, A< T Vi M DX I it - 398 P KR TG 5 R A
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PR i S A5 Y B ey 4.31 kg -hm™, 6 Fi KR g 1Y 5
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W 75 YL 1S A 1R 18 &2 DBP/DIBP e HAG AR 47 1)
AT M. AR SCGE 3 AMIE S I DBP/DIBP 540075 4 4
B Z51T T DBP/DIBP X 8fUbUAE K 1 JBik 3 2500, 7
Box—Behnken 151X [V -1 | 8 % A v R0 8 L PR 1) T 7
P TRAL, BT B Z ML, LI ER %R — 2% DBP/DIBP
WIE AR, N RO M R S AR

1 #R57FE
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DBP F1J& 18 2 W A Fg 50 Ak 22 i F A FR 2 Al
DIBP g F Bz T Ak 280 A BR A Fl o
1.2 iRI&ig it
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FHN TR B DBP F1 DIBP, 15 [N fiil—DBP 1[5 i -
DIBP ¥, BOXU T #5341 38 , 45 58 in A PR il -DBP
VSRR -DIBP %59 , fif + 38 DBP il DIBP 5 &
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Table 1 Factors and levels of Box—Behnken design for

remediation optimization

K- A M+ B 15 i Honeycomb C: 842 Humic
Level  Attapulgite/g-kg™ residue/g-kg™! acid/g kg
-1 5 5 0.5
0 15 15 1.5
1 25 25 2.5

- S b PRI 5 Tk R HT  ZEH DBP 1 DIBP %
TN 20 mg-kg™ 1 14 K AT AR 15 Oy AR IEER
3 T4 Box-Behnken {56 15 11, JIIA V1 4= | e 3 50
FUBSHERR , 7o S5 B 4, MBI T, 60 d J5
JE BB RE ) T8, FRA0PE 30 4.

% ] Design Expert 8.0.6 2447 B A #R AN 53
Bre
1.2.3 fE5 5 HVE LRI 5

FERALS , LA PR B R 1.2.2 0% 1- 1
SRy B 2 AR YH, M4 16.0 g-kg™!, BT
M 16.0 g-kg™', JEHERR 1.7 g-kg™; CK, A INE K
7o 60 d J& i 2 BABUR B 4398 (HR R 495 1) £ 38 ) il TG
PELL R AR 22 AR BRAR bR, [RIB 36 0E T2
1.3 MEF %

SR 0.01 em 2 145 RO i i AR 4 5 HEZK
TN MR R AR W OB R FE R 2 DRI R R L TE
105 CFAHE,70 CHLZEE I E 5 ; T HEIREE R
FHE Y 32050 o S0 PR R A TTC 38 vk 25
[t P R P BT i B e ) MR R FH il K
IR H a0 i AR TG J R TTC 35" MDA & 55k
FHBRAC B 2R VA POD T 4 >R FH A B AR i v
CAT {6 MR S/ M ™,

2 HBRE5SH

2.1 DBP/DIBP Xt ERH 4 1< B BB 35z
2 v, Bl H3Eh DBP/DIBP &k,



TEMBEE 45 3 DBP/DIBP Wit K HAB A FIA AL FIHLER A 5

1123

% 2 DBP/DIBP SHRMUAE R R TERIFMM
Table 2 Effects of DBP/DIBP on growth and dry weight of pepper

Qb V=1 K Root  #RAMRFI Root  FH Dry

Treatment  Height/cm length/em volume/cm® weight/g
TO 34.29a 19.41a 4.63a 3.47a
T10 35.25a 19.43a 4.54a 3.46a
T20 28.83b 16.43b 4.07ab 3.09b
T40 24.66bc 15.80b 3.56b 2.42¢
T80 21.04¢ 15.67b 3.63b 2.37¢

T [ —FUANF) B3R A [ A B E) 22 57 4 2% (P<0.05) . R Tl
Note ; Different letters indicate significant difference between treat—

ments(P<0.05). The same below.

BRAUE = FIAR 2R K R R R %, % 20 mg-
kg™ IS5 06 BE (TO ) ih 5] 25 57 0 7K, 43 A Xt B
(1) 84.08%F1 84.64% ; % DBP/DIBP 41 , F3 Z (A F Il
W T W ,40 mg-kg™ DBP/DIBP L4 |, AR 2 1A
Wik 22 5 i K TR MR 5 B KR PR
LI LA, 7] WL, DBP/DIBP & T 20 mg kg™ i,
DBP/DIBP X 6™ A= paa 5300
2.2 &85 K NE R FK I8
2.2.1 & FIE 7 Box—Behnken {4k

DB 3 g i o7 R, 6 3 R 23 S i
., A= =/KFEH Box—Behnken i35 1511, %f
(U] - e T LS RSB AR RV 5 4H B A8 R SR ey 300 7
(£ 3),

Wi 2 R, A8 =R R ST EZ A

% 3 Box-Behnken iR 3%t % FE MM E

Table 3 Box—Behnken experimental design and results

s At SRR tunie i Dry
S ID  Attapulgite/g-kg™ residuo aoke acid/g kg™ weight/g
1 5 5 15 2.67
2 25 5 15 2.38
3 5 25 15 2.4
4 25 25 15 3.23
5 5 15 05 23
6 25 15 05 2.8
7 5 15 2.5 3.1
8 25 15 25 2.8
9 15 5 05 2.6
10 15 25 05 27
1 15 5 2.5 2.78
12 15 25 2.5 3.04
13 15 15 15 3.69
14 15 15 15 3.69
15 15 15 15 3.77

JSpEidp

Y =-0.015+0.159A +0.122B +1.750C +2.800x10 3
AB-0.020AC-5.383x10°A2-5.083x10°B>-0.428 >
Kb Y AT EAFINE, g; A B.C /AR M 1 g
T3 WA R A R %

i BC X E R A B35 (P>0.05) , B A iE
A IR

[l A Y 7 25 43 B 2R BH (38 4) , 1208 7Y 3k 31
2 7K (P<0.01) 5 B A )7 B 09 R LA i 2, R
0.197 5(P>0.05) ; [a] I 455 70 ) e 22 Z2 %4 R?=0.987 4,
Vi B2 A5 75 e firt B 98.74% 75 Ak, 5 15T 1Y B {5 M Ly
22.251(>4) , RUNZAER BA LGS, it
AT DAY T 43 B A0 0 A A2 51 6 AR T 4
FEHE

M ATTLIE 4 s i AR A R ) T
A I B 2 S, 45 DR RO AR E S e 1
AR Ry C>B>A, 1B — R 28 X B A K A7 7
2 TR 5 7 A8 B A M - 0 s R (AB) (U]
R HER (AC) B ELAE X T EE A A S 35 R ), T
B A RUE AR (BC) 2 A I8 255 — IR ik
T (A? B> CPX T EE A M e 252 m . iy s mT I, 1M1
B S RS A TR X U DBP/DIBP [P ia A i
BENER, =& A HECG R B
2.2.2 BRI S SR

Jog FH [l DA TR 4 RO PR T 2 e AR S ), 4521
SRR A Z RIEC TR M+ 1591 g-kg™

R4 @RABEBNFTESN
Table 4 Analysis of variance for regression model based on Box—

Behnken experimental design

7 S A AR HEEE By P PfH
Source Sum of squares  df Mean square F value P value
H71 Model 3.217 8 0402 5889 <0.000 1
A 0.068 1 0.068  10.03 00194
B 0.110 1 0.110  16.18 0.006 9
C 0218 1 0218 3190 0.0013
AB 0.314 1 0314 4593 0.000 5
AC 0.160 1 0.160 2343 0.0029
A? 1.070 1 1.070  156.72 <0.000 1
B 0.954 1 0.954  139.74 <0.000 1
c 0.677 1 0.677 9922 <0.000 1
5% 2% Recidual 0.041 6 0.007
I Lack off it 0.037 4 0.009 430 0.197 5
PRIETT Pure error 0.004 2 0.002
SRS Cor total 3.258 14

T E BB R%=0.987 4, (51§ He Adeq—Precision=22.251



1124

RAIEFF 2R EREET R

Wew IR 16.40 g-kg JEHIER 1.67 g-kg™, BT
FITINAE R 3.743 g0 LI, B ZE 1 SI{E Ky
3.736 g, & HA TN AE A 52 bR 22 0] A7 78 45 e R 48L&
B HAT B ) S A B SB35 I B
FHa I 20.91% , 2 HAB R B %
2.3 (&S FIMIE RN EIRRR

MR 5 ATLVE I B hE R )G , A - S w
PRI ERISR 5 CK AHEE, IR E ME 3 58 22.30% , Bt
ABHETEIG R 49.29% , F G RN REE A S 1 4 3
3R 43.74%FN 46.24% , Ut B4 2 IR BRUAR s 1- 458 1)y
REM ZHE A B A

% 5 1SR BHIR R L HEEEE R B0

Table 5 Effect of remediation on enzyme activities rhizospheric

soil of pepper
Jix i it S i T TRER G
ozl
Urease/mg+  Dehydrogenase/  Protease/  Saccharase/
Treatment a R el -1
kg pg-g +h pegg ' ch mg-kg

CK 1.094b 0.351b 6.372b 4.388b
YH 1.338a 0.524a 9.15%a 6.417a

% 6 WA A& 5 I BE A 23 = DBP/DIBP pif
BRI R P AAE FTRSOR AR T, S IAR R
MDA £ 2 & B A%, POD 1 CAT i M i 35 4 o | 4R
FE SRR BRI S A . IR A
16 52 7] 2 2ok R o A AERAR s £ 38 DBP/DIBP V&, 84
3 AT AT , S sRAR R ISOR] FHRE 1, R
WIEEROR .

3 He

VR B0 AR B0 L BT 7 2 1 A 2y S5 5 DDA

5K, IR T 23 52 I - S ) BRAL PR TR AR IR O, 1
SEMAVEYIH ISR I, DBP H1 DIBP J2 55
FEH AL S, e R AR P e 8 RIS ) A 9
Py, EATRTBEXT B S AR B At L A E AR, 5F
15 4E DBP/DIBP Xif BURUA= 1 1) 52 Wi A 8 ) B 52 0
Mo HEPATLAGE AR M SRR R DBP, 4
SR TEBUABUR S AR AR R A (9 DBP 5k B4
W - 98 v e FEE IR0 , BRABUR S v A 2 A 2K

C IR EE B F: It o 5 e Jon v S 35 o8, Al it
PSR R R =22 i T DBP BVERT . A 52 )
AN B — R — 5 T R i 1 & R4l T bk
TR ZEML M B R MR SR AR RS R
o 2% A HLA I S S . RIB 25
W, 3 YU DBP X7 0P ki A K
BT (B 29 i i KB B 1 3R Rk Z2 )
SEHAR F=AMGIER . 5 RARZE AL, 24 DBP/
DIBP &4, i5 5] 20 mg-kg™ LA A, BOARUE K9k
A AR, ABF5EH 10 mg-kg™ DBP/DIBP
XPBRAUAE A TC ] S A s e R L T R e
AR 6.

+- 4+ DBP/DIBP {54 H ™ &, (A X HAB &2 i
FEHARF R A o 10 DL Ay 32 A 4
1) —FH A KRS R R 01, B R4 W
PE B AS it A BIOE B RS AU SRR )
TR OR Y IERME B AR J -4 1B %5y
T2, XA SE IS A Rt A L AT LA S
NN R e A D I SRR A A
PR S PRk R ILA I L G TE MR I A X S A A AL
TCHLT5 e HA s ZU R E R RE Sl B K AR
FH O 52 380 R SRR FH W B A WL G, DA R
A BTG R, RIS T A R -DBP &
HEYAINEIE ST R, AR YT DBP A 0 it
YER, HAUH 22 AR 15 DBP 4y Fin) kA4
M)A AR . PV EECSACAY M A - 5 T A R
Oy FIRFAETaAEAE ) AT BRI A D, Ty
X B AR PR AEAE Y B B, 3P B e 11 - 22 fL
P HE TR o AHIFIE 2B, U1 4 e o oo s A g
F %t DBP/DIBP i3 47 i B8 S CR , M4 1 e ey
RS A R 22 A A7 AE B 3 AR SRR BAE T BB R
FEMTZIAFEAE R VE T B i EL e AU A, L
SALBRYE 2, %F DBP/DIBP 75 51 i (1 W B 44 , DA 1T B
Wb A - SEES AT B, (5 - SRRl R R 4 A
AR

B S AN S, B S s
YL BRAE NI A SR B SR IR, 78 3 R AR R

& 6 EEFIXBRMIR R EIRIEIRAI R0

Table 6 Effect of remediation on root physiological indices of pepper

Kb 3 MDA 55 MDA content/  POD 44 POD activity/ ~ CAT {51 CAT activity/ M3 Z 1% /1 Root activity/ TR SRR Active
Treatment pmol - g™ U-g"'*min™ U-g' min” pgeg'-h absorption area/%
CK 3.297a 322.2h 33.98b 83.55b 38.64b
YH 2.303b 384.1a 46.81a 104.59a 45.07a
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